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Notes:

Center Discussion Papers are preliminary materials circulated to
stimulate discussion and critical comments. References in
publication s to Discussion Papers should be cleared with the authors
to protect the tentative character of these papers.
I owe a debt of gratitude to T. Paul Schultz, John Strauss, and
Robert Evenson for guiding this research, to Charlie Griffin for help
in initially setting up the data, and to the anonymous referees for
their suggestions . Any errors which remain are solely mine. This
paper is part of a dissertatio n at Yale.

Abstract

This paper estimates a nonlinear relationship between duration of
breastfeeding and child height-for-age.

For this sample of children, health

benefits from unsupplemented breastfeeding differ by mother's education, with
children of less educated mothers deriving the most gains.

These results

suggest that more educated mothers are able to provide wholesome substitutes to
breastmilk without producing ill effects.

Results are sensitive to the

estimation technique used, with 2SLS estimates showing statistical signficance
and substantial health gains compared to OLS estimates.

INTRODUCTION

Two empirical regularities in the literature on child health
are:

(1)

(Cochrane,

more educated mothers tend to have healthier children
1980), and

(2) more educated mothers tend to have

shortened durations of breastfeedin g (Ware, 1984).

Since the

health benefits from breastfeeding are well established in the
public health,
Jelliffe,
Wray,

nutrition,

1978a;

1978;

Greiner

Butz,

et.

&

and medical
Latham,

al.,

literature

1981; Arnold,

(Jelliffe

et.al.,

&

1981;

1984), the above phenomemon can be

explained by more educated mothers being able to successfully
provide healthy substitutes to breastmilk by virtue of their
better health knowledge, higher incomes, and enhanced ability to
change their immediate environment.

The primary objective of

this paper is to empirically explore the interaction of maternal
schooling and her duration of unsupplement ed breastfeedin g as
they affect child height-for-a ge.

Duration of unsupplemen ted

breastfeedin g (in contrast to total or supplemented breatfeeding )
is

the focus

of the study because of

its nonlinear

benefits, the attainment of which depends to a

health

large extent on

the critical choices made by the mother with respect to the
timing and healthful conditions surrounding the introduction of
supplemental food.
Furthermore , two sub-objectiv es are to be achieved in the
course of the empirical work:

(1) an examination of the nonlinear
1

nature of the health benefits of unsupplemented breastfeeding,
and (2) a comparison of the different inferences which arise from
OLS and 2SLS estimates, that is, treating breastfeeding as an
exogenous or endogenous variable.

Nonlinearity

Some studies by economists on the determinants of child
nutritional status commonly find a negative association, if not a
statistically insignificant positive relationship, between child
~

health and duration of breastfeeding
Behrman, 1982;

Heller

&

Drake, 1979).

(Blau,

1984;

Wolfe

&

One possible explanation

is that the true underlying relationship between child health and
breastfeeding may be nonlinear, that is, health benefits do not
monotonically increase with duration of breastfeeding.
short and prolonged durations

of

breastfeeding can cause

deleterious health consequences for the child
Meredith, et. al.,1983).

Both

(Waterlow,

1981;

Too short or no breastfeeding at all

can be harmful to the child because it deprives the infant of
maternal antibodies which become even more important in view of
the child's underdeveloped immune system.

Besides, human milk

helps stimulate the infant's own defenses

(Mata, et.al., 1976;

Whitehead, 1983; Haaga, 1985).

A shortened duration of exclusive

breastfeeding subjects the child to greater risks of exposure to
germs from prepared foods and the utensils used, such as bottles
(Habicht, Davanzo

&

Butz, 1987).
2

This is particularly true in

poor countries where it is humid and where there is a lack of
water,

sanitatio n facilitje s and refriger ation.

An early

introducti on of supplemen tary foods can lead to a decline in the
mother's productio n of milk since this

is dependen t on the

stimulati on provided by the infant's sucking.

Substitute s for

breastmil k, whether infant formula or bulky food, do not have the
complete array of nutrients which breastmilk has.

There is also

the danger of overdilut ing the formula with water, either from
attempts to economize or simply out of the inability to follow
the manufactu rer's direction s (Dwyer,19 75).1

On the other hand, prolonged unsupplem ented breastfee ding
may also be harmful.

Eventuall y, breastmilk alone is inadequate

to supply the nutrient requirem ents
(Water low
(1976)

&

Thompson,

of

the

1979; Whitehead , 1983) .2

growing child
Mata, et. al.

find the duration of breastfee ding to be strongly and

positively associated with the linear segment of a child's growth
but inversely related to the period of faster growth,
et.

al,

(1984)

and Victora,

et.

al.,

(1984)

M~rrnrPll ,

find prolonged

durations of exclusive breastfeed ing to be associated with lower
lThere is also the indirect benefit of better birth spacing
arising from the contracep tive role of breastfeed ing.
2Furtherm ore, the nutrient content of human milk is
dependen t on the mother's nutrition al status (Haaga, 1985;
Jelliffe & Jelliffe, 1978b).
As such, the problem of prolonged
unsupplem ented breastfeed ing, which is common in Asia and Africa,
becomes further exacerbate d in developing countries where mothers
are often malnourish ed themselve s. The onset of the period when
breastmilk alone becomes insufficie nt is hastened.
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stature .

Wray (1978) finds unsupple mented breastfe eding to play

a protecti ve role against diarrhea only in the early months.

The key issue, then, is not merely whether to breastfe ed or
not,

but also when supplem entary foods should be introduc ed.3

Waterlo w

(1981)

describ es

this

problem of timing

as

the

"sucklin g's dilemma" where a "critica l balance" (Brown, 1978) is
necessa ry if the infant is to derive the full
breastf eeding .

Scrimsh aw

(1966)

benefi ts of

finds the age of complet e

weaning (severag e) to be the key factor in explaini ng nutritio nal
status in the 6-24 month age group.

An average period of 4-6

months of age is generall y accepted as the range during which
supplem entary foods should be introduc ed (Jelliff e

&

Jelliffe ,

1978b; WHO, 1981).
If the health benefit from breastfe eding is truly nonline ar,
then using a linear specific ation can lead to a statist ically
insign ificant positiv e relatio nship,

or even a

negativ e

associa tion in cases where there is a signifi cant number of
childre n

in

the

sample

who

are

experie ncing

prolong ed

unsupple mented breastfe eding and whose health are consequ ently
expected to be poor relative to those within the shorter optimal
period.

3when supplem ented breastfe eding should cease is not clear
at all.
It is believe d that breastm ilk can be a "valuab le
supplem entary source of 'comple te' protein and of fat, calcium
and vitamins " for childrer t beyond six months of age (Jelliff e &
Jelliffe , 1978b). Because of this, the focus of the paper is on
unsupple mented breastfe eding alone.
4

Oth er

pos sibl e

exp lana tion s

for

the

neg ativ e

or

insig nific ant asso ciati on betw een child heal th
and brea stfee ding
are data inac cura cies /inad equa cies and the failu
re to inclu de
mate rnal educ ation and brea stmi lk subs titut es in
the anal ysis .
More educ ated moth ers prob ably brea stfee d less
with no ill
effe cts on child heal th by prov iding sani tary
and nutr itiou s
subs titut es.
As such , omit ting these facto rs from the anal ysis
woul d lead to emp irica l resu lts asso ciati ng shor
ter dura tions of
brea stfee ding with bette r child heal th.

Endo gene ity

One defic ienc y in stud ies deal ing with brea stfee
ding is the
use of OLS estim ation techn ique s.
This prod uces estim ates whic h
would be cons isten t and unbi ased only unde r the
assum ption that
brea stfee ding is exog enou s and is not rela ted
to chil d heal th
endo wme nt or fam ily pref eren ces.
This assu mpti on is
inap prop riate beca use brea stfee ding is clea
rly a hous ehol d
deci sion rela ted to its choi ce of othe r comm
oditie s affec ting
chil d heal th,
endo wme nt.

and is also depe nden t on the chil d~s heal th

As a cons eque nce, estim ates of the brea stfee ding

heal th impa ct from these stud ies shou ld be take
n with caut ion
beca use of a simu ltane ity bias (Hel ler & Drak e,
1979 ; Grei ner &
Latha m, 1981 ; Butz ,et. al., 1984 ; Know les, 1984 ).
5

I·

This pape r (1) estim ates a poss ible nonl inea
r rela tion ship
betw een dura tion of unsu pple men ted brea
stfe edin g and chil d
heig ht-f or-a ge, (2) dem onst rates the sens itiv
ity of the resu lts
to the estim atio n tech niqu e used , and (3)
exam ines how mate rnal
educ ation affe cts the heal th impa ct of brea
stfe edin g.
The next
sect ion pres ents the emp irica l spec ifica tion
. Sect ion 3 pres ents
the data and the estim atio n resu lts.

2.

Emp irica l Spe cific atio n

To exam ine the rela tion ship betw een chil
d hea lth and
brea stfe edin g, the hea lth prod ucti on func
tion of a stan dard
hous ehol d prod uctio n mode l is estim ated :

wher e His chil d nutr ition al stat us; Mis mate
rnal huma n capi tal
and skil ls imp orta nt to chil d rear ing,
such as her hea lth,
exp erie nce and edu cati on, prox ied by mot
her's heig ht, age and
year s of scho olin g; E is a stoc hast ic dist
urba nce term .
The
mat ern al-r elat ed var iabl es are gen eral
ly acce pted to be
exog enou s to the fam ily, that is, they are
not subj ect to chan ge
but are take n as give n at the time the
hous ehol d make s its
deci sion s affe ctin g chil d heal th.

BF, F and Sar e dura tion of

brea stfe edin g, food cons ump tion and sani
tatio n, resp ecti vely .
6

These proximate health inputs are subject to household choice,
simultaneously determined with the quality of health
household chooses to provide its children.

(H)

the

As such, they are

correlated with the error term and two-stage least squares
(2SLS) is used for estimation.

Two-thirds of the sample were still breastfeeding at the
time of the survey,

25% of which were still

without supplementation.

breastfeeding

This causes a censoring problem because

we are unable to observe completed spells of breastfeeding.

In a

similar problem encountered in analyzing schooling outcomes,
Lillard

&

King (1984)~suggest the creation of an index where the

child's years of schooling is divided by the average years of
schooling for similar-aged children in the sample.
the deviation from the "norm" is measured.

In effect,

This index resolves

the problem of high collinearity between the child's age and
duration of breastfeeding (in months)

for those who were still

breastfeeding at the time of the survey.4

This procedure is

adopted in this study.

This
truncation.

index,

however,

does

not

solve

the problem of

For example, mothers who were still breastfeeding at

the time of the interview will be concentrated at an index value
equal to the child age divided by the sample mean duration of

4Both child age and duration of breastfeeding are used as
regressors in the production function.
7

breastfeeding of similar-aged (in months) children.
have values over this.

They cannot

Hence, the truncation occurs not only at

the lower limit (because of mothers who never breastfed) but also
at

the

upper

limit

(because

of

mothers

breastfeeding at the time of the interview).

who

were

still

In estimating the

household demand for breastfeeding, it is therefore necessary to
use a tobit estimator with both an upper and a lower limit.

The

lower limit is set at zero while the upper limit is set at the
ratio of the child age to the mean duration of breastfeeding for
children of that age.

This upper limit is a

"floating" limit

because it varies according to the age of the child.

The

"critical

balance"

earlier

discussed

poses

nonlinearities in the health effects of breastfeeding.

To

account for this, squared terms of the breastfeeding variables
will be included as regressors.5

3. Data and Estimation Results

The data used are the Bicol

(Philippines)

Multipurpose

Survey of 1978 and its Supplementary Survey of 1981.6

The sample

5 Another approach is to stratify the sample into finer
divisions of age groups instead of using a nonlinear
specification (Chutikul, 1986).
The disadvantage with this is
the loss of efficiency in estimation and the small sample size
in some cells.
6These surveys are described in Popkin, et. al.
Akin, et.al.(1985).
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(1979) and

consists of

498 children below 25 months of age.

Table 1

presents the variables used and their statistics.

Child health is measured by height-for-ag e (HTAGE) scores.
Height-for-ag e is chosen because it is believed to be a long-run
measure of nutritional status and because it ~snot subject to
transitory schocks.7

These scores are calculated by dividing

the child's length by the median length from the NCHS standards
(Behrman

&

duration

(in months)

Vaughan,19 83).8

breastfeedin g.

Breastfeedi ng is measured as

of unsuppleme nted and supplemente d

In the absence of individual-le vel food intake,

food input is proxied by the household consumption of grain per
male adult equivalent.9

Sanitation input is measured as the

7To illustrate, if the subject child had a bout of diarrhea
prior to the survey, the measured weight of the child will be
under-reporte d relative to what it usually is.
Height (length)
seemed to be the most reliable measure in the survey.
8Martorrell (1982, p.47) points to a minor and a major
problem associated with the use of this type. of specificatio n.
The minor problem is that such percentages of the median are not
equivalent across age groups as in the case he cites where 95% of
median height corresponds to the 8th percentile at 12 months in
contrast to the 8th percentile at 48 months of age.
For the age
range of interest to this paper, the difference is minimal.
The
major problem arises when comparisons across various measures
(height-for- age, weight-for-a ge, weight-for-h eight, etc.) are
made. Such comparisons are not made in this paper. Furthermore,
the paper does not in any way deal with measuring the extent of
malnutrition in this sample.
9The male adult equivalent for each family is calculated
using the caloric requirement by sex and age specified by
FAO/WHO(l97 2).
A male adult takes on a value of one.
The
calculation of this variable takes into account not only the
immediate members of the family, but all of the residents in the
household, including relatives and househelps, as well.
9

probability of having a water-sealed toilet in the household.
Because of the endogeneity of these variables, predicted values
of these inputs are calculated from their reduced-form equations
(See Barrera, 1988a) which are then used as regressors in the
production function estimation.

Instruments used in this first

stage are similar to those used for breastfeedin g below.

The

reduced-form equation for the sanitation variable is estimated
using a probit estimator.

The household demand for breastfeeding lO is presented in
Table 2. More educated mothers breastfeed for a shorter period.
This is particularly true for unsupplemente d breastfeedin g.

.

This

may be attributed to two possible explanations : (1) more educated
mothers have a higher opportunity cost of time for breastfeeding
their children, and (2) more educated mothers are better informed
about the deleterious health consequences of unduly delaying the
introduction of supplemental foods,

and have better perception

and judgement of when breastmilk becomes insufficient to meet the

child's nutrient requirements .

The adequacy of breastmilk is

dependent on the volume and quality of the mother's lactation and
on the child's accumulated store of fat and metabolic efficiency
(Waterlow

&

Thompson,

1979: Whitehead,

1983).

As such, the

lOAk'i n, et . a 1 ., (1985) h ave d one previous
.
wor k on th e
determinants of various infant feeding practices using this data.
They examine household choice of breastmilk, milk substitutes and
supplemental foods using a multivariate logi t model.
Table 2
differs from their analysis in that it analyzes duration of
breastfeedin g.
·
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optimal timing of supplementat ion for each mother/child pairing
can only be made on an individual basis and is consequently
dependent on the mother's perception and judgement.

Mother's age is statistically significantl l and negatively
associated with both types of breastfeedin g as well as
duration.

total

Mother's age proxies her experience in home activities

such as child rearing.

Older mothers should therefore be more

efficient in the conduct of her domestic activities which leaves
her with more time for breastfeedin g.

This should have led to a

positive sign, assuming breastfeeding is a normal good.

However,

it could also lead to a negative sign because maternal experience
can work

just like maternal education in giving her better

information and judgement as to the optimal timing of weaning.12
Maternal age also proxies her labor market experience and hence,
opportunity wage outside the family.
completed or near-comple ted families

In addition, it reflects
which would mean the

presence of other siblings demanding her attention

=-~rl

'-4..1..1.'-""

+-;TT'IC!,
\.....L.I.Ll~

•

Moreover, if these siblings were old enough to help in caring for
the infant,

the ready availability of mother substitutes would

make the cost of alternatives to breastfeeding much cheaper.

In

llunless otherwise stated, statistical significance is set
at five percent, two-tailed test, except in cases where the sign
is implied by theory, in which case a one-tailed test is used.
12Mother's age could also signal differences in the attitude
(towards breastfeeding ) between younger and older mothers.
One
could not, however, state a priori how this would affect the
duration of breastfeedin g.
11

all these cases, the opportu nity cost of time for breastfe eding
the infant should be relative ly higher.

A negative sign in the

breastfe eding demand equatio n would suggest that this effect
outweigh s the earlier hypothe sized positive effect.1 3

Mother's height proxies the mother' s unobserv ed biologi cal
endowm ent

which

is

expect ed

to

affect

consequ ently, her capacit y to breastf eed.

her

health

and

Ideally , mother' s

weight is a better indicato r of the current health status of the
mother.

Unfortu nately,

because it

is

it cannot be used as an instrum ent

thought to be an endogen ous variabl e.

These

results show mother' s height to be statisti cally insignif icant.

The coeffic ient of child age is negative for unsupple mented
breastf eeding, positiv e for supplem ented breastf eeding,
statisti cally signific ant in both cases.

and

This is expected since

other foods are fed to the breastf eeding child as she grows
older.

The commun ity wage rate for women is negative in all

cases but is statisti cally signific ant only for unsuppl emented
breastf eeding.

This is not surpris ing since unsuppl emented

breastfe eding is more constrai ning on the time of the mother.
Rice and milk are substitu tes to breastm ilk and their prices are
expected to positive ly affect duration of breastfe eding.
result s,

howeve r,

show

that

they

are

not

These

statist ically

13Blau (1984) and Wolfe & Behrma n (1982) find a
statisti cally signific ant positive associa tion between materna l
age and duration of breastfe eding in their Nicaragu an sample.
12

significant.

There is no difference in duration of breastfeeding

between rural and urban areas.
to

Families with higher incomes tend

use breastmilk substitutes as seen in the statistically

significant

(except for unsupplemented

breastfeeding)

and

negative coefficient of income.

Production Function

The child health production function is estimated using 2SLS
and OLS techniques,

and is presented in Table 3.

The 2SLS

estimates use the predicted values of breastfeeding from Table
2.14

The maternal-related variables (mother's schooling, age and

height)

are positive and statistically significant

equations,

in all

indicative of the importance of the mother's human

capital in child health production.15

The 2SLS estimates of all four breastfeeding variables are
jointly statistically significant at 10% with a chi-squarel6 of
7.74

(d.f.=4); unsupplemented breastfeeding and its square are

14The squared term of the breastfeeding variable is also
instrumented and the predicted values used as regressors.
15rt should be noted that mother's height aside from
proxying her unobserved biological endowments directly affecting
child health, also reflects the genetic traits (such as height)
passed onto the child.
16The Wald test is used for examining the joint statistical
significance of the IV estimates.
This is asymptotically equal
to a chi-square, with degrees of freedom equal to the number of
restrictions.
13

jointly significant at 5%

(chi-square=5.96), while supplemented

breastfeeding

square

and

its

are

significant

at

35%

(chi-square=2.12).
Figure 1 graphically presents the pattern traced by the 2SLS
estimates of unsupplemented breastfeeding.17

It shows the

hypothesized nonlinear pattern with maximum health benefits
achieved at

4-5 months

of

unsupplemented breastfeeding,

calculated at the sample mean of height-for-age score.18

In contrast to the 2SLS estimates, the OLS estimates of all
four

breastfeeding variables are not

significant showing an F-ratio of 1.11

jointly statistically
(35%).

There

is

a

17The equation used is
= ((((a/MSBFD) X (USBFD)) + ((b/MSBFD2) X (USBFD2)))/0.9)*100
where Y = percentage change in height-for-age score
a= coefficient of breastfeeding from Table 3
b = coefficient of breastfeeding-squared
MSBFD = mean duration of unsupplemented
breastfeeding for children of the same age
MSBFD2 = squared term of MSBFD
USBFD = months of unsupplemented
breastfeeding for the child
USBFD2 = squared term of USBFD
0.9 = average sample heightTfor-age score
Note that the percentage gains are calculated at the sample
average height-for-age.
Y

18The pattern for supplemented breastfeeding is nonlinear as
well, but upward sloping.
Children with longer durations of
supplemented breastfeeding show better health performance because
they are spared the deleterious health consequences of prolonged
unsupplemented breastfeeding, while not foregoing the benefits of
breastfeeding, and because i t is the more educated mothers who
exhibit shorter durations of unsupplemented breastfeeding (Table
2) and who provide wholesome substitutes (as will be confirmed in
the next section of this paper).

14

substantial difference in the magnitude of the OLS and 2SLS
coefficients for breastfeeding, with the 2SLS estimates showing a
much

larger

health

impact as

seen

in Figure

3.

The 2SLS

estimates give a more pronounced nonlinear relationship

in

contrast to the OLS estimates which show a very flat pattern with
little variation in health impact.19

The 2SLS estimates conform

better to empirical results of experimental studies (Victora, et.
al., 1984) and to the public health and medical literature which
identify the optimal point at

the

4-6 month period.

The

inability of OLS to capture differences in the health impact may
be due

to its use as regressors of observed

breastfeeding

behavior, not predicted, which may be correlated with unobserved
factors that also explain variations

in child health.

This

allows for many confounding effects to mask the true relationship
between duration of breastfeeding and child health.20

Total duration of breastfeeding is alternatively run as a
19The scale of the y-axis (percentage gains in height-for
age score) is intentionally magnified to highlight the sharp
contrast between the 2SLS and OLS estimates.
This would explain
the very steep slope of the 2SLS curve.
2 0To further examine the endogeneity of breastfeeding, the
Hausman (1978) specification test is run.
The child health
production is estimated with predicted food and sanitation
inputs, uninstrumented breastfeeding variables, and the residuals
of the breastfeeding reduced-form equ~tions.
The residuals show
an F-ratio of 1.63 (16%).
This joint statistical significance,
while marginal, can s t i l l be taken as suggestive of
misspecification when breastfeeding is treated as exogenous (when
OLS is used), since the Hausman test is a low-power test (that
is, i t leans towards not picking up the presence of
misspecification).
15

specif icatio n.

It has the same nonlin ear pattern exhibi ted by

unsupp lement ed breast feedin g with maximu m health benef its
achieve d at 7-8 months of age (calcu lated at the sample mean of
height -for-a ge),

sugges tive of an optimu m age for compl ete

weanin g for this sample of childre n.21

Again, 2SLS estima tes

show child health to be more sensit ive to varyin g levels of
breast feedin g compa red to OLS estima tes.

To examin e the

conseq uence of using a linear specif ication for this sample , the
child health produc tion functi on is reestim ated withou t the
squared terms

(resul ts are not presen ted).

The result s would

sugges t minima l health benefi ts as none of the coeffic ients of
breast feedin g are statis ticall y signif icant in any of the
equatio ns.

Matern al Educat ion-Br eastfee ding Intera ction

The demand equatio ns for breastf eeding (Table 2) show that
more

educa ted mothe rs

breast feed for shorte r durati ons.22

Howeve r, the child health produc tion functi on

(Table 3) shows

both matern al educat ion and breastf eeding to positiv ely affect
child health .

Taken togeth er, these results sugges t that more

educat ed mother s are able to breastf eed for shorte r duratio ns
21The joint signifi cance of the two breastf eeding variab les
is margin al [16% for 2SLS estima tes with a chi-sq uare of 3.61
(df=2) and 16% for OLS estima tes with an F-rati o of 1.81
(df=2,4 87)].
22This is a finding simila r to many other studie s (Ware, 1984).
16

without producing ill effects because of the mother's ability to
provide wholesome substitutes such as better food supplements
and better sanitation.23

As such, one may pose the hypothesis

that maternal education is a substitute for breastfeedin g.
test this conjecture,

To

the child health production function is

reestimated in Table 4 with interactive terms between maternal
education and duration of breastfeedin g.
are

generally

jointly significant. 24

presents these interactions. 25
benefit more
breastfeedin g.

from

longer

The interactive terms
Figure 3 graphically

Children of less educated mothers
durations

of

unsuppleme nted

Note that the peaking of health gains occurs

23oavanzo & Habicht (1984) find that sanitation and water
inputs serve as substitutes for breastfeedin g.
They find the
health benefits of unsupplement ed breastfeeding to be greater in
households with poor sanitation and water facilities.
24All four interactive terms and maternal education are
jointly significant at 9% with a chi-square of 9.43 (d.f.=5).
Considering only the four interactive terms, joint significance
is 13% with a chi-square of 7.06 (d.f.=4).
All eight
breastfeedi ng variables, interacted and uninteracted , are
significant at 9 % with a chi-square of 13.81 (d.f.=8).
25The equation used in drawing Figure 3 is
Y = ((((a/MSBFD) X (USBFD)) + ((b/MSBFD2) X (USBFD2))
+ ((c/MSBFD) X (USBFD)) + ((d/MSBFD2) X (USBFD2)))/0 .9)*100
where Y = percentage change in height-for-ag e score
a= coefficient of breastfeeding from Table 4
b = coefficient of breastfeeding -squared
c = coefficient of interacted breastfeeding
d = coefficient of interacted breastfeeding -squared
MSBFD = mean duration of unsupplement ed
breastfeeding for children of the same age
MSBFD2 = squared term of MSBFD
USBFD = months of unsupplement ed
breastfeeding for the child
USBFD2 = squared term of USBFD
0.9 = sample average height-for-ag e score
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later and

is great er for

schoo ling.

child ren of mothe rs with little

This is not a surpr ising findi ng

becau se the

introd uctio n of prepar ed foods expos es the infan t to increa
sed
risks of infec tion from patho genic agent s.

More educa ted

mothe rs (who have better health knowl edge and perce ption, and
who
are presum ably more dispos ed to hygie nic pract ices) , are in
a
bette r posit ion to prote ct their childr en again st these risks,
compa red to mothe rs with little schoo ling, and are theref ore able
to cease unsup pleme nted breas tfeedi ng with little ill effec ts,
if
at a11.2 6
Thes e resu lts conf irm the hypo thesi zed
subst itutab ility betwee n breas tfeedi ng and mater nal educa tion
(or
the human capita l it proxi es).

Rosen zweig

&

Schul tz

(1981)

show that there are effici ency

and alloca tive effec ts in the way mater nal educa tion affec
ts
child healt h.

These resul ts are sugge stive of an alloca tive

effec t in opera tion.

Summary and Concl usions

The use of a

linea r speci ficati on for breas tfeed ing is

inapp ropri ate and can lead to the misle ading infere nce that
healt h

bene fits

from

breas tfeed ing are minim al

and/o r

26Bar rera (1988b ) finds that for this sampl e, more educa ted
mothe rs afford bette r protec tion (espe cially among 0-2 year olds)
again st an unhea lthy enviro nment relati ve to mothe rs with little
schoo ling.
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statist ically insignif icant.

Inferenc es are also sensitiv e to

the type of estimat ion techniq ue used,

with 2SLS estimat es

showing statisti cal signific ance and substan tial health gains (in
contras t to OLS estimat es).

More educated mothers can breastfe ed

less without harmful consequ ences because of their ability to
provide wholesom e substitu tes.

For purpose s .of policy formula tion,

these results suggest

that breastfe eding promoti on campaig ns could be benefic ially
targette d to mothers with little schoolin g whose children seem to
derive the most health gains, at least for this sample.

More

educated mothers seem to be able to provide healthy substitu tes
for breastfe eding.
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Variable

TABLE 1
LIST OF VARIABLES AND DEFINITIONS
MEAN
STD. DEV.

------------------------------------------------------ -----~-------Endogenous Variables
BREASTFEEDING DURATION (months)
UN SUPPLEMENTED
SUPPLEMENTED
TOTAL DURATION

4.284
4.093
8.370

3.405
5.013
6.424

BREASTFEEDING DURATION (ratio of child's months of breastfeeding
to the average for children of similar age [in months])
UNSUPPLEMENTED
0.994
0.702
UN SUPPLEMENTED-SQUARED
1.480
1.708
SUPPLEMENTED
0.848
1.232
SUPPLEMENTED-SQUARED
2.234
11.840
HOUSEHOLD TOILET FACILITY
(water-sealed=l)
QUANTITY OF GRAIN PER
MALE ADULT EQUIVALENT (kg)
STANDARDIZED HEIGHT-FOR-AGE

0.454

0.498

3.295

1.843

0.894

0.064

Exogenous Variables
CHILD AGE (months)
13.082
CHILD AGE-SQUARED
215.200
COMMUNITY WAGE RATE FOR
1.350
WOMEN (pesos/hour)
FAMILY INCOME (annual)
9922.000
LOCATION DUMMY
0.860
(village=l; town=0)
MATERNAL EDUCATION (years)
5.990
MOTHER'S AGE (years)
37.780
MOTHER~S HEIGHT (centimeter)
126.700
PRICE OF DRUGS (pesos/illness)
16.690
PRICE OF MILK (pesos/gram)
3.619
PRICE OF RICE
(pesos/kilo)
2.065
PRICE OF COOKING OIL (pesos/liter)
1.548
PRICE OF KEROSENE (pesos/liter)
0.575
SEX (male=l;female=0)
0.515
SUFFICIENCY OF WATER FOR HH USES
0.956
IN COMMUNITY (sufficient=l)
PREVALENT HH SOURCE OF WATER IN
0.757
COMMUNITY (piped=l;zero otherwise)
PREVALENT TYPE OF TOILET IN
0.556
COMMUNITY (water-sealed=l)
ABSENCE OF EXCRETA IN ENVIRONS OF
0.820
COMMUNITY (none or little= 1)
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6.645
176.160
0.914
0.208E+5
0.347
3.347
9.699
72.920
39.130
0.208
0.917E-l
0.470
0.109
0.500
0.203
0.428
0.497
0.383

TABLE 2
HOUSEHOLD DEMAND FOR BREASTFEEDING
Dependent variable:
DURATION OF BREASTFEEDING/AVERAGE FOR SAME-AGE CHILDREN
UNSUPPLEMENTED
CONSTANT

SUPPLEMENTED

TOTAL

2.574
( 1.29)

-5.098
(-1.10)

2.864
( 1.11)

MOTHER'S SCHOOLING

-0.633E-Ol
(-3.91)

-0.442E-l
(-1.09)

-0.103
(-4.83)

MOTHER'S AGE
(Xl0E,;,.1)

-0.227
(-3.66)

-0.474
(-2.85)

-0.380
(-4.47)

MOTHER'S HEIGHT
(Xl0E-2)

-0.487
(-0.59)

0.502
( 0.24)

-0.589
(-0.52)

CHILD AGE (Xl0E-1)

-0.174
(-2.93)

1.07
( 5.68)

-0.113
(-1.35)

0.489E-Ol
( 0.29)

0.511
( 1.08)

0.310E-l
( 0.14)

COMMUNITY WAGE RATE
FOR WOMEN

-0.918E-Ol
(-1.65)

-0.362E-l
(-0.23)

-0.894E-l
(-1. 16)

INCOME

-0.220E-02
(-0.99)

-0.973E-2
(-1.68)

-0.568E-2
(-1.71)

LOCATION DUMMY
(village=l)

PRICE OF RICE

0.116
( 0.22)

1.63
( 1.21)

0.422
( 0.62)

PRICE OF COOKING OIL

0.127
( 1. 14)

0.919E-l
( 0.34)

0.240
( 1.57)

-0.169
(-0.43)

1.15
( 1.06)

0.196
( 0.35)

0.974E-l
( 0 •18 )

0.593E-l
( 0.23)

-0.462
(-0.63)

-0.324
(-0.78)

0.166
( 0.55)

0.276E-l
( 0.18)

PRICE OF KEROSENE
PRICE OF MILK
COMMUNITY SUFFICIENCY
OF WATER FOR HH USES
(sufficient=l)
COMMUNITY WATER SOURCE
(piped=l)

0.912E-Ol
( 0.46)
-0.153
(-0.28)
-0.226E-Ol
(-0.20)
25

PREDOMINANT COMMUNITY
TYPE OF TOILET
(water-sealed=l)

-0.178E-01
(-0.18)

-0.140E-l
(-0.05)

0.877E-2
( 0.06)

ABSENCE .OF VISIBLE
EXCRETA (community)
(none or little= 1)

0.103
( 0.90)

0.382
( 1.22)

0.250
( 1.58)

tobit
no. of observations

=

518

.
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TABLE 3
PRODUCTION FUNCTION: CHILD HEIGHT-FOR-AGE
Dependent Variable:
HEIGHT-FOR-AGE OF 0-2 YEAR OLDS

(1 )
2SLS

OLS

(3)
2SLS

0.489
( 4.21)

0.479
( 5.07)

0.436
( 4.03)

SEX (male=l)

-0.141E-2
(-0.24)

-0.847E-3
(-0.14)

0.430E-3
( 0.07)

-0.595E-3
(-0.10)

CHILD AGE (months)

-0.573E-2
(-2.52)

-0.799E-2
(-3.99)

-0.915E-2
(-4.29)

-0.830E-2
(-4.18)

CHILD AGE SQUARED

0.109E-3
( 1.20)

0.179E-3
( 2.38)

0.207E-3
( 2.67)

0.186E-3
( 2.48)

MOTHER'S SCHOOLING

0.298E-2
( 1.83)

0.257E-2
( 1.82)

0.319E-2
( 1.98)

0.264E-2
( 1.87)

MOTHER'S HEIGHT

0.259E-2
( 4.33)

0.290E-2
( 5.19)

0.299E-2
( 5.33)

0.293E-2
( 5.27)

, 0.163E-2
( 2.27)

0.ll0E-2
( 2.04)

0.143E-2
( 2.22)

0.llSE-2
( 2.11)

-0.505E-2
(-0.49)

-0.501E-3
(-0.05)

-0.102E-2
(-0.10)

-0.455E-3
(-0.04)

HH USE OF SANITARY
TOILET FACILITY*
(water-sea led=l)

0.163E-2
( 0.05)

0.128E-2
( 0.05)

0.559E-2
( 0.22)

0.165E-2
( 0.06)

DURATION OF UNSUPPLEMENTED
BREASTFEEDING*

0.146
( 2.41)

0.217E-l
( 2.01)

DURATION OF UNSUPPLEMENTED
BREASTFEEDING-SQUARED*

-0.754E-l
(-2.30)

-0.800E-2
(-1.79)

DURATION OF SUPPLEMENTED
BREASTFEEDING*

-0.150E-l
(-0.59)

0.797E-3
( 0.18)

DURATION OF SUPPLEMENTED
BREASTFEEDING-SQUARED*

0.683E-2
( 1.39)

-0.670E-4
(-0.15)
0.113
( 1.89)

0.302E-l
( 1. 69)

CONSTANT

MOTHER'S AGE
QUANTITY OF GRAIN
PER MALE ADULT
EQUIVALENT*

(2)

TOTAL DURATION OF
BREASTFEEDING*
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(4)

OLS
0.471
( 4.99)

TOTAL DURATION OF
BREASTFEEDING-SQUARED*
Number of Observations
Sum of Squared Residuals
R - Squared
F-Statistic

-0.609E-l
(-1.84)
498
1.993

498
2.006
0.188
9.364

9.698

498
2.009
11.178

-0.133E-1
(-1.36)
498
2.009
0.186
11.180

Note: Breastfeeding variable is the ratio of the child's
breastfeeding to the average duration for children of
of the same age.
Numbers in parenthesis are t-statistics.
* Instruments used are location dummy, community wage rate, household
income, price of rice, cooking oil, kerosene, and milk, community
water and sanitation infrastructure and condition, and maternal-related
variables such as schooling, age and height.
In the breastfeeding
variables, child age is included as an instrument. In the OLS
equations, the food and sanitation variables used are the
instrumented ones.

...
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TABLE 4
BREASTFEEDING-MATERNAL EDUCATION INTERACTION
Dependent Variable:
HEIGHT-FOR-AGE OF 0-2 YEAR OLDS
( 1)

(2)

2SLS

2SLS

0.496
( 4.25)

0.399
( 3.47)

SEX (male=l)

-0.174E-2
(-0.30)

-0.864E-5
(-0.00)

CHILD AGE (months)

-0.551E-2
(-2.36)

-0. 93-7E-2
(-4.35)

CHILD AGE SQUARED

0.805E-4
( 0.87)

0.215E-3
( 2.74)

MOTHER'S SCHOOLING

0.544E-2
( 1.16)

0.550E-2
( 1.85)

MOTHER'S HEIGHT

0.227E-2
( 3.70)

0.307E-2
( 5.39)

MOTHER'S AGE

0.224E-2
( 2.81)

0.158E-2( 2:-.38)

QUANTITY OF GRAIN
PER MALE ADULT
EQUIVALENT*

-0.337E-3
(-0.03)

0.191E-3
( 0.01)

HH USE OF SANITARY
TOILET FACILITY*
(water-sea led=l)

-0.122E-l
(-0.39)

0.594E-2
( 0.23)

CONSTANT

DURATION OF UNSUPPLEMENTED
RRF.AF;'l'F'F.F.nTNr-*
DURATION OF UNSUPPLEMENTED
BREASTFEEDING-SQUARED*

0.118
/\

1
.,_

•

1.L. 7I \I

-0.481E-l
(-0.95)

DURATION OF SUPPLEMENTED
BREASTFEEDING*

0.312E-l
( 0.73)

DURATION OF SUPPLEMENTED
BREASTFEEDING-SQUARED*

-0.128E-l
(-1.14}

TOTAL DURATION OF
BREASTFEEDING*

0.141
( 1.87)
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TOTAL DURATION OF
BREASTFEEDING-SQUARED*

-0.655 E-l
(-1.62)

Intera ction with Matern al School ing
DURATION OF UNSUPPLEMENTED
BREASTFEEDING*

0.154E -2
( 0.10)

DURATION OF UNSUPPLEMENTED
BREASTFEEDING-SQUARED*

-0.415E -2
(-0.57)

DURATION OF SUPPLEMENTED
BREASTFEEDING*

-0.420E -2
(-0.72)

DURATION OF SUPPLEMENTED
BREASTFEEDING-SQUARED*

0.302E -2
( 1. 86)

TOTAL DURATION OF
BREASTFEEDING*

-0.203E -2
(-0.26)

TOTAL DURATION OF
BREASTFEEDING-SQUARED*

-0.735E -3
(-0.17)

Number of Observ ations
Sum of Square d Residu als
F-Stat istic

.

498
1.968
7.682

498
2.004
9.402

Note: Breast feeding variab le is the ratio of the child's
breastf eeding to the averag e duratio n for childre n of
of the same age.
* Instrum ents used are locatio n dummy, commun ity wage rate, househ old
income , price of rice, cookin g oil, kerose ne, and milk, commun ity
water and sanita tion infrast ructur e and condit ion, and matern al-rela ted
variab les such as school ing, age and height . In the breastf eeding
variab les, child age is include d as an instrum ent.
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FIGURE 1

BREASTFEEDING HEALTH IMPACT ON 0-24 MONTH OLD CHILDREN
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FIGURE 2

BREASTFEEDING HEALTH IMPACT OF 0LS & 2SLS ESTIMATES
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FIGURE 3

HATEANAL EDUCATION-UNSUPPLEHENTED BREASTFEEDING INTERACTION
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